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(54) CLOCK SIGNAL DISTRIBUTION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a clock signal 
distribution circuit which can distribute high speed 
signals with low skew onto a large-scale integrated 
circuit. 

SOLUTION: A global clock generation circuit 1 
generating a global clock signal is installed on an LSI 
and the global clock signals are distributed on the LSI by 
duplexed global clock distribution circuits 2 circulated on 
the LSI so that they become parallel with each other and 
in opposite directions to each other. Local clock signals 
are generated by local clock generation circuits 4-(i+1), 
4-(i+2), 4-j, 4-(k+1) and 4-(1+1) at the middle time of the 
transit time of two clock signals transmitted by the global 
clock distribution circuit as a reference. The local clock 
signals are distributed by local clock distribution circuits 5-(i+1), 5-(i+2), 5-j, 5-(k+1) and 5- 
(1+1). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s h 0WS the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A clock signal distribution circuit comprising: 

A global clock generating means which generates global clock signals based on a reference 
clock signal inputted from the outside. 

A global clock distributing means arranged in the shape of double loops in said large scale 
integration circuit so that said global clock signals generated by said global clock generating 
means may be distributed in large scale integration circuit and it may become an opposite 
direction mutually. 

a local clock creating means which generates a local clock signal on the basis of an 
intermediate phase of two phases of each global clock signals distributed by said global clock 
distributing means. 

A local clock dispensing means which distributes said local clock signal generated by said 
local clock creating means to a neighborhood field of a self-means. 

[Claim 2]The clock signal distribution circuit comprising according to claim 1: 
Two or more clock buffer pairs which consist of the 1st and 2nd clock buffers holding said 
global clock signals with which said global clock distributing means is mutually transmitted to 
an opposite direction. 

1st wiring that connects said 1st adjoining clock buffer. 

2nd wiring that connects said 2nd clock buffer that are allocated in parallel with said 1st wiring, 
and adjoin. 

[Claim 3]The clock signal distribution circuit according to claim 2, wherein said two or more 
clock buffer pairs are altogether arranged at equal intervals within said large scale integration 
circuit and are connected with said 1st and 2nd isometric wiring. 
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[Claim 4]According to an external signal, said local clock creating means makes free variable 
[ of a delaying amount of said global clock signals ], and And the 1st and 2nd variable delay 
means of an identical configuration, A phase-comparison means by which a clock signal 
delayed by said 1st and 2nd variable delay means and the clock signal concerned compare a 
phase with global clock signals transmitted from an opposite direction, A control means which 
carries out variable control of the delaying amount in said 1st and 2nd variable delay means 
based on a comparison result of said phase-comparison means is included, so that a local 
clock signal in which said global clock distributing means has two intermediate phases of a 
phase of each global clock signals mutually distributed from an opposite direction by control of 
said control means may be generated. Claim 1 to constituting claim 3 is a clock signal 
distribution circuit of a statement either. 

[Claim 5]As for a clock signal delayed by said 1st and 2nd variable delay means, and the clock 
signal concerned, said phase-comparison means contains the 1st and 2nd dividing means that 
carry out dividing of the global clock signals transmitted from an opposite direction, 
respectively, The clock signal distribution circuit according to claim 4 making operation free 
even when a clock signal delayed by said 1st and 2nd variable delay means and the clock 
signal concerned have phase contrast larger than 1/2 of cycle time of an input with global clock 
signals transmitted from an opposite direction. 

[Claim 6]According to an external signal, said local clock creating means makes free variable 
[ of a delaying amount of said global clock signals ], and And the 1st and 2nd variable delay 
means of an identical configuration, The 1st and the 2nd fixed delay means which only a 
predetermined delaying amount beforehand set up in global clock signals delivered the clock 
signal concerned from an opposite direction is delayed, A phase-comparison means to 
compare a phase with a clock signal delayed by the clock signal [ which was delayed by said 
1st and 2nd variable delay means ], said 1st, and 2nd fixed delay means, A control means 
which carries out variable control of the delaying amount in said 1st and 2nd variable delay 
means based on a comparison result of said phase-comparison means is included, By control 
of said control means, so that a local clock signal in which said global clock distributing means 
has the phase by which only said predetermined delaying amount was delayed for two 
intermediate phases of a phase of each global clock signals mutually distributed from an 
opposite direction may be generated. Claim 1 to constituting claim 3 is a clock signal 
distribution circuit of a statement either. 

[Claim 7]Said phase-comparison means contains the 1st and 2nd dividing means that carry out 
dividing of the clock signal delayed by the clock signal [ which was delayed by said 1st and 
2nd variable delay means ], said 1st, and 2nd fixed delay means, respectively, The clock 
signal distribution circuit according to claim 6 making operation free even when phase contrast 
with a clock signal delayed by the clock signal [ which was delayed by said 1st and 2nd 
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variable delay means ], said 1st, and 2nd fixed delay means is larger than 1/2 of cycle time of 
an input. 

[Claim 8]As for said local clock dispensing means, claim 1 to claim 7 including a clock tree 
circuit which distributes said local clock signal generated by said local clock creating means is 
a clock signal distribution circuit of a statement either. 

[Claim 9]Claim 1 to claim 7 characterized by comprising the following is a clock signal 
distribution circuit of a statement either. 

A clock tree circuit which distributes said local clock signal with which said local clock 
dispensing means was generated by said local clock creating means. 

A delay synchronizing loop circuit which abolishes phase contrast of said local clock signal and 
a clock signal which returns from said clock tree circuit. 

[Claim 10]Claim 1 to claim 6 characterized by comprising the following is a clock signal 
distribution circuit of a statement either. 

A clock tree circuit which distributes said local clock signal with which said local clock 
dispensing means was generated by said local clock creating means. 

A phase synchronous loop circuit which abolishes phase contrast of said local clock signal and 
a clock signal which returns from said clock tree circuit. 

[Claim 11]As for said local clock creating means and said local clock dispensing means, claim 
1 to claim 10 allocating in two or more circuit blocks of each which constitute said large scale 
integration circuit is a clock signal distribution circuit of a statement either. 
[Claim 12]The clock signal distribution circuit according to claim 11, wherein said two or more 
circuit blocks have peculiar power supply voltage and a clock frequency respectively. 

[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdl.inpit.goo 3/25/2009 



JP,1 1-0853 10,A [DETAILED DESCRIPTION] 



Page 1 of 15 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention relates to the circuit which distributes a clock 
signal with few high speeds and phase shifts on large scale integration circuit about a clock 
signal distribution circuit. 
[0002] 

[Description of the Prior Art]The relative phase shift between the clock signals distributed on 
LSI and what is called clock skew pose a big problem as large scale integration circuit 
(hereafter referred to as LSI) large-scale-izes increasingly and the clock frequency increases. 
Since each part of LSI is designed on the assumption that timing can be given simultaneously, 
and synchronous method LSI operates with a clock signal, existence of clock skew will restrict 
the maximum of the clock frequency of synchronous method LSI, and, as a result, will reduce 
performance. 

[0003]Conventionally, the clock tree method which constituted a clock buffer and clock wiring 
in tree form is known as art of reducing clock skew. This clock signal distribution circuit by 
performing a design layout so that the same clock buffer 1 1 1 may be used in each hierarchy of 
a clock tree and load carrying capacity and wiring resistance may become the same, as shown 
in drawing 15 , Delay of the clock propagation path from the input edge of a clock tree to each 
outgoing end is made the same. It is expectable for the phase contrast of the clock signal 
between each outgoing end to become small relatively, and to reduce clock skew by this. 
[0004]However, in order to arrange the conditions of each course of a clock tree in the clock 
tree method mentioned above, in a design layout, great restriction arises and it is actually 
difficult to arrange the conditions of all the courses by the relation and restrictions of layout 
arrangement with other circuits. 

[0005]ln order to arrange conditions, the problem of increasing power consumption and a 
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circuit area also has the dummy clock buffer 112 and wiring which are inserted on a clock tree. 
Since it is a static skew compensation by a clock tree method equating each clock distribution 
course at the time of a design layout, the clock skew which makes a cause device dispersion, 
a temperature change, line voltage variation, etc. cannot be compensated. It is difficult for it to 
be impossible to also disregard the influence of coupling with an outcrossing line, and to 
compensate it at the time of a design layout as LSI carries out minuteness making. 
[0006]On the other hand, as another art, all the clock distribution points are short-circuited, and 
the huge buffer method which drives it by a huge clock buffer is learned. In this clock signal 
distribution circuit, since each clock distribution Sakima has connected too hastily as shown in 
drawing 16 , the effect which compensates clock skew with clock distribution Sakima, and suits 
by him is expectable. 

[0007]However, in the huge buffer method mentioned above, in order to make all the clock 
distribution points change simultaneously, the huge clock buffer 121 and the low resistance 
122, i.e., broad clock wiring, are needed. Therefore, power consumption and a layout area are 
large and the application to the high-speed clock distribution of 1 GHz or more in large-scale 
LSI of especially the future is difficult. 

[0008]As what performs phase compensation of a clock signal dynamically at the time of not a 
design but operation, There is the method of generating a clock signal dynamically and 
distributing a clock transmission line to the neighborhood based on the shape of a double ring 
or the phase contrast of two clock signals which turns up and arranges and is transmitted at 
each clock distribution point in these transmission lines. It is indicated by JP,8-54957,A and 
JP,9-134226,A about this method. 
[0009] 

[Problem(s) to be Solved by the lnvention]Since phase compensation of a clock is dynamically 
performed at the time of operation, compensation of the clock skew which makes a cause 
device dispersion, a temperature change, line voltage variation, etc. is also possible in the 
conventional clock signal distribution circuit mentioned above. 
[0010]However, since the wiring in LSI has the minute wiring cross-section area, wiring 
resistance is large and it is difficult to make a high-speed clock signal transmit with a long wire 
across which it goes in [ whole ] LSI, Especially the thing for which the above art is applied to 
high-speed clock distribution of 1 GHz or more in large-scale LSI by a future minute process of 
0.1 micrometer or less is very difficult. 

[0011]Then, it is in the purpose of this invention providing the clock signal distribution circuit 
which cancels the above-mentioned problem, is a low skew and can distribute a high-speed 
clock on LSI. 
[0012] 

[Means for Solving the Problem]A clock signal distribution circuit by this invention is provided 
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with the following. 

A global clock generating means which generates global clock signals based on a reference 
clock signal inputted from the outside. 

A global clock distributing means arranged in the shape of double loops in said large scale 
integration circuit so that said global clock signals generated by said global clock generating 
means may be distributed in large scale integration circuit and it may become an opposite 
direction mutually. 

a local clock creating means which generates a local clock signal on the basis of an 
intermediate phase of two phases of each global clock signals distributed by said global clock 
distributing means. 

A local clock dispensing means which distributes said local clock signal generated by said 
local clock creating means to a neighborhood field of a self-means. 

[0013]Namely, a clock signal distribution circuit of this invention, A global clock generating 
means installed in an arbitrary part on LSI generates global clock signals, A global clock 
distributing means which made an opposite direction go mutually around a clock distributing 
means which comprises a clock buffer and wiring on LSI doubly and in parallel is made to 
distribute global clock signals on LSI. 

[0014]Two or more local clock creating means which generate a local clock signal on the basis 
of a time of middle at each transition time of two clock signals transmitted by a double clock 
distributing means which constitutes this global clock distributing means are connected to an 
arbitrary part of a global clock distributing means, A local clock dispensing means which 
distributes a local clock signal to that neighborhood is connected to this local clock creating 
means. 

[0015]Since a double clock distributing means which constitutes a global clock distributing 
means is installed in parallel and an opposite direction, middle time of transition time of two 
clock signals transmitted by a double clock distributing means is not based on a position on a 
global clock distributing means, but is the same. 

[0016]When a local clock signal which a local clock generating means distributes to that 
neighborhood on the basis of this middle time is generated uniquely and a local clock 
dispensing means distributes that local clock signal near the self-means, It is possible to 
compensate influence of device dispersion, a temperature change, line voltage variation, etc., 
and a clock can be distributed by a low skew throughout LSI. 

[0017]Since a global clock distributing means is divided by clock buffer, distribution of a high- 
speed clock can be enabled and influence of coupling between wiring or a noise can be 
decreased. 
[0018] 
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[Embodiment of the lnvention]Next, the example of this invention is described with reference to 
drawings. QrawjngJJs a block diagram showing the composition of the clock signal distribution 
circuit by one example of this invention. In a figure, the clock signal distribution circuit by one 
example of this invention The global clock generation circuit 1 , The global clock distribution 

circuits 2 and two or more clock buffer pair 3-m (m= 1, 2, ..... i+1, i+2 j, j+1 k, k+1, 

k+2 1+1), It comprises two or more local clock generating circuit 4-m and two or more local 

clock distribution circuit 5-m. 

[0019]The global clock generation circuit 1 generates global clock signals based on the 
reference clock signal inputted from the exterior of LSI (circuit including all the circuits in a 
figure). The global clock distribution circuits 2 distribute the global clock signals which were 
connected to the global clock generation circuit 1 , and were generated in the global clock 
generation circuit 1 . 

[0020]Two or more clock buffer pair 3-m comprises arranging two clock buffer 30-m and 31-m 
adjacently. It is connected by the two global clock wiring 100 which was arranged in parallel 
mutually and connected to the global clock distribution circuits 1, and these two clock buffer 
30-m and 31-m of each forms the looped shape clock transmitting circuit for reverse doubly 
and mutually. 

[0021]Two or more local clock generating circuit 4-m of each generates a local clock signal 
based on the global clock signals which are connected to the arbitrary part of the global clock 
distribution circuits 2, and are distributed by the global clock distribution circuits 2. Local clock 
distribution circuit 5-m of each distributes the local clock signal which was connected to local 
clock generating circuit 4-m, and was generated by local clock generating circuit 4-m to the 
neighborhood. 

[0022]or the looped shape input edge 2a of each clock transmitting circuit for reverse and 2b 
adjoin and it is arranged doubly and mutually -- mutual -- isometry -- ** -- it being connected to 
the global clock generation circuit 1 , and with wiring, Global clock signals in phase are inputted 
into two clock transmitting circuits, and distribute global clock signals to an opposite direction 
mutually on LSI. 

[0023]Local clock generating circuit 4-m and local clock distribution circuit 5-m are allocated 
corresponding to two or more circuit blocks (not shown) which constitute LSI. Local clock 
generating circuit 4-m considers as an input two global clock signals transmitted by the global 
clock distribution circuits 2, A local clock signal is generated on the basis of the middle time of 
each transition time of two global clock signals, and local clock distribution circuit 5-m 
distributes a local clock signal in the circuit block corresponding to each. 
[0024] Drawing 2 is a figure showing operation of the global clock distribution circuits 2 of 
drawing 1 , and drawing 3 is a timing chart which shows operation of the global clock 
distribution circuits 2 of d rawing 1 . With reference to these drawing 2 and drawing 3 , operation 
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of the global clock distribution circuits 2 is explained. 

[0025]Since the global clock distribution circuits 2 are the composition that the same clock 
buffer 30-m and clock buffer pair 3-m constituted by 31 -m were connected by the global clock 
wiring 100 arranged in parallel, The propagation delay of the global clock signals between two 
arbitrary clock buffer pairs is the same. 

[0026]For example, the propagation delay between clock buffer pair 3-I and 3- (1+1) is not 
depended in the direction, but is equal and sets the propagation delay to T1 . Similarly the 
propagation delay between T2, clock buffer pair 3-i, and 3- (i+1) for the propagation delay 
between clock buffer pair 3- (1-1) and 3-I Ti, The propagation delay between T (n-1) and clock 
buffer pair 3-1,3-2 is set [ the propagation delay between clock buffer pair 3- (i-1) and 3-i ] to 
Tn for the propagation delay between T (i+1) and clock buffer pair 3-2,3-3. 
[0027]At this time, it is equal and the input edge 2a of two clock propagation circuits which 
constitute the global clock distribution circuits 2, and the propagation delay from 2b to each 
outgoing ends 2c and 2d are T=T1+T2+... +Ti+T (i+1) 
+ ... It is expressed with +T(n-1)+Tn. 

[00281 Drawing 3 is a timing chart when time of the standup transition with the global clock 
signals inputted into the input edge 2a and 2b from the global clock generation circuit 1 is set 
to TO. The clock signal which rose and changed by TO in the input edge 2a and 2b is mutually 
distributed for reverse by the global clock distribution circuits 2, When the clock signal C1 and 
time which reaches clock driver pair 3- (1+1) as C2 are set to Ta1 and Tb1, respectively, it is 
Ta1 =T0 Tb1 =T0+T1 +T2+... +Ti+T (i+1 ) 
+ ... It is +T(n-1)+Tn. 

[0029]Therefore, middle time Tm1 of the two clock signals C1 and the transition time of C2 
distributed is Tm1=(|Ta1+Tb1|)/2 =[2T0+T1+T2+... +Ti+T (i+1) 
+ ... It is +T(n-1)+Tn]/2 =T0+T/2. 

[0030]lf similarly the clock signal which rose and changed by TO in the input edge 2a and 2b to 
certain clock driver pair 3-i sets to Tai and Tbi the clock signal C1 and time which arrives as C2 
by the global clock distribution circuits 2, Tai=T0+T1 +T2+ ... +Ti Tbi=T0+Tn+T(n-1)+ ... +T 
(i+1) 

It comes out. 

[0031 [Therefore, the middle time Tmi of these two clock signals C1 and the transition time of 
C2 is set to = [ Tmi=1 (|Tai+Tbi|) / 2 ] (2T0+T1+T2+ ... +T(n-1)+Tn) / 2 =T0+T/2. 
[0032]That is, in every clock buffer pair 3-m, the middle time of the two clock signals C1 
mutually distributed for reverse by the global clock distribution circuits 2 and the transition time 
of C2 is constant at T0+T/2. It is arranging in parallel the two global clock wiring 100 which this 
character's constitutes clock buffer pair 3-m from same clock driver, and connects between the 
clock buffer pair 3-m, If the propagation delay of the clock signal between two arbitrary clock 
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drivers which constitute the global clock distribution circuits 2 does not call at the propagating 
direction but presupposes that it is the same, it will not be based on the amount of propagation 
delays, the layout arrangement relationship of clock buffer pair 3-m, a device property, etc., but 
will be materialized. 

[0033]Drawing 4 is a block diagram showing the example of composition of local clock 
generating circuit 4-m of drawing 1 . Local clock generating circuit 4-m comprises the two 
variable delay circuits 6 and 7, the phase comparison circuits 8, and the control circuits 9. 
[0034]Local clock generating circuit 4-m generates a local clock signal dynamically by the 
above-mentioned clock signal C1 and C2 on the basis of the clock signal C1 and the middle 
time of transition of C2. 

[0035]The two variable delay circuits 6 and 7 consider the clock signal inputted into the input 
CLKe as an input, and are connected in series mutually. The phase comparison circuit 8 
detects the phase contrast between the clock signals inputted into the output and the input 
CLKl of the variable delay circuit 7. The control circuit 9 controls the delaying amount of the 
variable delay circuits 6 and 7 according to the output of the phase comparison circuit 8. The 
delay synchronizing loop is formed of these variable delay circuits 6 and 7, the phase 
comparison circuit 8, and the control circuit 9. 

[0036]The output of the variable delay circuit 6 of the preceding paragraph of the two variable 
delay circuits 6 and 7 by which the series connection was carried out is considered as the 
output CLKo. The direction where the phase is behind the input CLKl in the direction which the 
two clock signals C1 distributed to the input CLKe by the global clock distribution circuits 2 and 
the phase of C2 are following is inputted, respectively. 

[0037]The two variable delay circuits 6 and 7 connected in series delay the clock signal 
inputted into the input CLKe. The phase comparison circuit 8 performs the phase comparison 
of this delayed clock signal and the clock signal inputted into the input CLKl, and outputs that 
comparison result to the control circuit 9. 

[0038]The control circuit 9 changes the delaying amount of the two variable delay circuits 6 
and 7 so that the phase contrast of two clock signals inputted into the phase comparison circuit 
8 may be abolished based on the comparison result of the phase comparison circuit 8. In the 
situation where the phase contrast of two inputs of the phase comparison circuit 8 was set to 0, 
since the two variable delay circuits 6 and 7 have the same delaying amount, the signal which 
changes for the output CLKo at the middle time of the transition time of the clock signal 
inputted into the input CLKe and the input CLKl is acquired. That is, the two clock signals C1 
distributed by the global clock distribution circuits 2 and a clock signal with a middle phase of 
each phase of C2 are outputted to the output CLKo. 

[0039]The phase of the clock signal into which the phase of the clock signal inputted into the 
input CLKe is inputted by phi 1 and the input CLKl For example, phi2=phi1+deltaphi, If the 
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phase contrast of two clock signals inputted into the phase comparison circuit 8 is set to 0 
when the delaying amount of the variable delay circuits 6 and 7 is set to X, phi1+2 and X=phi 
2=phi1+deltaphi will be realized. 

[0040]At this time, it is X=deltaphi/2 and the clock signal C1 inputted into the input CLKe and 
the input CLKI at the output CLKo and a clock signal with a middle phase (phi1+deltaphi/2) of 
C2 are outputted. This is not dependent on the size of phase contrast deltaphi between the 
clock signal C1 and C2. That is, local clock generating circuit 4-m is not based on the position 
linked to the global clock distribution circuits 2, but it becomes possible to generate a clock 
signal in phase by all the local clock generating circuit 4-m. 

I0041l Drawing 5 is a block diagram showing other examples of composition of local clock 
generating circuit 4-m of drawing M . In other examples of composition of local clock generating 
circuit 4-m, it has the same composition as the example of composition shown in drawing 4 
except having allocated the two fixed delay circuits 10 and 1 1 , and identical codes are given to 
the identical configuration element. 

[0042]ln other examples of composition of local clock generating circuit 4-m, the clock signal 
inputted into the input CLKI is inputted into the phase comparison circuit 8 through the fixed 
delay circuits 10 and 11 linked to 2 series in local clock generating circuit 4-m shown in 
drawing 4 . When the amount of minimal delay of the variable delay circuits 6 and 7 is not 0, the 
two fixed delay circuits 10 and 1 1 are making the delaying amount of the fixed delay circuits 10 
and 1 1 the same as that of the amount of minimal delay of the variable delay circuits 6 and 7, 
and compensate the minimal delay. 

[0043]For example, when the input edge 2a of the global clock distribution circuits 2 and the 
time delay from 2b to the outgoing ends 2c and 2d are T, In order to enable connection of local 
clock generating circuit 4-m with the arbitrary positions of the global clock distribution circuits 2, 
Since the two clock signals C1 and phase contrast deltaphi of C2 which local clock generating 
circuit 4-m inputs can take the range of 0 <=delta phi<=T, they need to make the delaying 
amount X of the variable delay circuits 6 and 7 the range of 0 <=X<=T/2 from the above- 
mentioned explanation in local clock generating circuit 4-m shown in drawing 4. 
[0044]ln other examples of composition of local clock generating circuit 4-m, when the delaying 
amounts X of the variable delay circuits 6 and 7 are X0<=X<=T/2, the delaying amount of the 
fixed delay circuits 10 and 1 1 by being referred to as X0. It becomes possible to connect local 
clock generating circuit 4-m to the arbitrary positions of the global clock distribution circuits 2. 
[0045]The phase of the clock signal into which the phase of the clock signal inputted into the 
input CLKe is inputted by phi 1 and the input CLKI For example, phi2=phi1+deltaphi, If the 
phase contrast of two clock signals inputted into the phase comparison circuit 8 is set to 0 
when the delaying amount of the variable delay circuits 6 and 7 is set to X, phi1+2, X=phi 2+2, 
and X0=phi1+deltaphi+2 and X0 will be realized. 
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[0046]At this time, it is X=deltaphi/2+X0 and the clock signal which has phase 
phi1+deltaphi/2+X0 in which only XO was behind [ middle phase phi1+deltaphi/2 of clock signal 
C1 and C2 inputted into the input CLKe and the input CLKI ] in the output CLKo is outputted. 
That is, by compensating the fixed delay XO with all the local clock generating circuit 4-m 
connected to the global clock distribution circuits 2, it is not based on the position linked to the 
global clock distribution circuits 2, but it becomes possible to generate a clock signal in phase. 
In this case, what is necessary is just to be able to make the delaying amount X of the variable 
delay circuits 6 and 7 into the range of XO <=X<=T/2. 

r00471 Drawing 6 is a figure showing the example of composition of the variable delay circuit 6 
of drawing 4 . In the figure, the variable delay circuit 6 comprises the inverters 61-67 and the 
NAND (nonconjunction) gates 68-90. The variable delay circuit 7 also has the same 
composition as the variable delay circuit 6. 

[0048]ln the variable delay circuit 6, the signal inputted from the input IN is delayed by NAND 
gates 68-90, and is outputted from the output OUT. The signal for controlling the delaying 
amount of the variable delay circuit 6 to the inputs D1-D7 is inputted. 
[0049]When all the signals inputted into the inputs D1-D7 are "1", this variable delay circuit 6 
provides minimal delay. When the delaying amount of NAND gates 68-90 is set to d, the signal 
inputted from the input IN passes through NAND gates 76 and 83, and is outputted to the 
output OUT, and the delay is 2d. 

[0050]lf the signal into which the signal inputted into the input D1 is inputted by "0" and the 
inputs D2-D7 is set to "1", the signal inputted from the input IN will pass through NAND gates 
68, 77, 84, and 83, and will be outputted to the output OUT. The delay at this time is 4d. 
[0051 ]lf similarly all the signals inputted into the inputs D1-D7 are set to "0", the time delay 
from the input IN to the output OUT will be set to 16 d. That is, 2d the delay of a unit from 2d to 
16d can be provided with the value of the signal inputted into the inputs D1-D7. By controlling 
the signal inputted into the inputs D1-D7, the control circuit 9 controls the delaying amount of 
the variable delay circuit 6. The control circuit 9 controls the delaying amount of the variable 
delay circuit 7 like the above. 

[00521 Drawing 7 is a figure showing the example of composition of the fixed delay circuit 10 of 
drawing 5. In the figure, the fixed delay circuit 10 comprises NAND gates 10a-10c. The fixed 
delay circuit 11 has the same composition as the fixed delay circuit 10. 
[0053]2 d of minimal delay of the variable delay circuit 6 is provided by using the same NAND 
gate as NAND gates 68-90 of the variable delay circuit 6 mentioned above for NAND gates 
10a-10c which constitute the fixed delay circuit 10. 

[0054]ln drawing 1 , local clock distribution circuit 5-m is generated by the above-mentioned 
local clock generating circuit 4-m, and distributes the local clock signal outputted to the output 
CLKo in a circuit block. 
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r00551 Drawing 8 is a figure showing the example of composition of local clock distribution 
circuit 5-m of drawing 1 . In a figure, local clock distribution circuit 5-m comprises the delay 
synchronizing loop circuit 12 and the clock tree 13, The loop is formed by connecting the 
output of the delay synchronizing loop circuit 12 to the input of the clock tree 13, and 
connecting the output of the clock tree 13 to the input of the delay synchronizing loop circuit 
12. 

[0056]The delay synchronizing loop circuit 12 comprises the variable delay circuit 12a, the 
phase comparison circuit 12b, and the control circuit 12c, and the clock tree 13 comprises two 
or more clock buffers 13a-13m. 

[0057]The phase comparison circuit 12b compares the phase of the output clock signal of local 
clock generating circuit 4-m and the clock signal of the end of the clock tree 13 which are 
inputted from the input CLK, and outputs the result to the control circuit 12c. The control circuit 
12c adjusts the delaying amount of the variable delay circuit 12a so that phase contrast of the 
clock signal inputted from the input CLK and the clock signal of the end of the clock tree 13 
may be set to 0 based on the output of the phase comparison circuit 12b. 
[0058]Since the clock tree 13 should distribute a clock signal only to the neighborhood field in 
a circuit block, it is expectable that unlike the time of a clock tree performing clock distribution 
the skew between clock tree ends is made small enough, and a clock can be distributed to the 
whole LSI. 

[0059]When there is no difference in the scale of the clock tree 13 which constitutes each local 
clock distribution circuit 5-m and it becomes within limits which can permit the differential 
delay, the delay synchronizing loop circuit 12 can also be omitted. 

[0060]The connecting location to global-clock-distribution-circuits 5-[ of local clock generating 
circuit 4-m ] m is arbitrary. Although it has connected with the input side of clock buffer pair 3- 
m in drawing 1 , The output side of clock buffer pair 3-m may be sufficient, and the interval of 
clock buffer pair 3-m may be small enough, and when the differential delay by the position on 
the global clock wiring 100 can be disregarded, wiring between the clock buffer pairs 3-m may 
be sufficient. 

[0061 ]The number of local clock distribution circuit 5-m is also arbitrary. Therefore, 1 set of 
local clock generating circuits and a local clock distribution circuit can make small enough the 
range which distributes a local clock signal. 

[0062]Since the clock signal C1 and the phase contrast of C2 are detected and clock 
generation is performed dynamically, device dispersion between circuit blocks, a temperature 
change, line voltage variation, etc. can be compensated. 

[0063]Although the layout interval of clock buffer pair 3-m which constitutes the global clock 
distribution circuits 2 is arbitrary, By supposing that it is the same, the layout interval of all the 
clock buffer pair 3-m. If the wiring resistance and wiring capacity of all the global clock wiring 
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100 are made the same and delay between all the clock buffer pairs 3-m is made the same, 
device dispersion between the clock buffer pairs 3-m, a temperature change, line voltage 
variation, etc. can be compensated. 

[0064]That is, in drawing 2 , it is delay between each clock buffer pair 3-m Tp=T1=T2= ... If 
=Tn, The two clock signals C1 which local clock generating circuit 4-i connected to i-th clock 
buffer pair 3-i inputs, and the phase of C2 are behind only in -Tp from the input edge 2a and 2b 
(i-1) and (n-i+1) - Tp of the global clock distribution circuits 2. 
[0065]Supposing the time delay to the clock buffer pair which the influence of device 
dispersion, a temperature change, line voltage variation, etc. is temporarily added to a certain 
clock buffer pair now, and adjoins both sides is set to Tp+delta t, The above-mentioned clock 
signal C1 , the input edge 2a of C2, and the phase lag from 2b are set to -(i-1) Tp+deltat and 
(n-i+1) -Tp or -(i-1) Tp, and (n-i+1) - Tp+delta t. That is, the clock signal C1 and the clock 
signal with a middle phase of the phase of C2 have the phase lag of (n-Tp+deltat) / 2 from the 
input edge 2a and 2b, and this does not call at the connecting location of local clock generating 
circuit 4-m, but is constant. 

[0066]Therefore, even if a gap arises in the characteristic of a certain clock buffer pair under 
the influence of device dispersion, a temperature change, line voltage variation, etc., it is 
compensated and each local clock generating circuit 4-m becomes possible [ generating a 
local clock signal in phase ]. This means being usable in the clock buffer and different power 
supply voltage of an intentionally different size between the clock buffer pairs 3-m, and each 
local clock generating circuit 4-m becomes possible [ generating a local clock signal in phase ] 
similarly. 

[0067]lt is possible to compensate the influence of device dispersion, a temperature change, 
line voltage variation, etc. with the above explanation by this invention so that clearly. Global- 
clock-distribution-circuits 5-m makes high-speed clock distribution possible that two or more 
clock buffer pair 3-m is inserted, and it is hard to be influenced by coupling between wiring, or 
a noise since wiring between the clock buffer pairs 3-m is short enough. It becomes possible to 
distribute the high-speed clock signal which is a low skew to the whole LSI by this. 
r00681 Drawing 9 is a figure showing the example of composition of the phase comparison 
circuit 8 of drawing 4. In the figure, the phase comparison circuit 8 comprises the two 
frequency dividers 14 and 15 and two D flip-flops 16 and 17. The clock signal inputted into the 
input CLK is inputted into D input of the flip-flop 16, and the clocked into of the flip-flop 17 
through the frequency divider 14, respectively, The clock signal inputted into the input REF is 
inputted into D input of the flip-flop 17, and the clocked into of the flip-flop 16 through the 
frequency divider 15, respectively. The frequency dividers 14 and 15 are feeding back the 
negative output of D flip-flops 14a and 15a to an input, and carry out 2 dividing of the input 
signal. 
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r00691 Drawing 10 is a timing chart which shows operation of the phase comparison circuit 8 of 
drawing 4. Operation of the phase comparison circuit 8 is explained with reference to these 
drawing 9 and drawing 10 . 2 dividing of the clock signal inputted from the input REF is carried 
out by the frequency divider 15. Similarly, 2 dividing of the clock signal inputted from the input 
CLK is carried out by the frequency divider 14. 

[0070]lf the signal which carried out 2 dividing of the clock signal into which the signal which 
carried out 2 dividing of the clock signal inputted, the output CLK, i.e., the input, of the 
frequency divider 14, is inputted, the output REF, i.e., the input, of CLK2 and the frequency 
divider 15, is set to REF2, CLK2 is latched by D flip-flop 16 in the timing of the standup of 
REF2, and it is outputted from the output INC. 

[0071]REF2 is latched by D flip-flop 17 in the timing of the standup of CLK2, and it is outputted 
from the output DEC. That is, if the phase of the clock signal inputted from the input REF 
rather than the clock signal inputted from the input CLK is progressing, the output INC will be 
set to "0" and the output DEC will be set to "1 ." On the contrary, if the phase of the clock signal 
inputted from the input CLK rather than the clock signal inputted from the input REF is 
progressing, the output INC will be set to "1" and DEC will be set to "0." 
[0072]The clock signal which was inputted from the input CLKe and passed through the two 
variable delay circuits 6 and 7 in local clock generation circuit 4-m shown in drawing 4 is 
connected to the input CLK of the phase comparison circuit 8, The control circuit 9 will make 
delay of the variable delay circuits 6 and 7 increase, while connecting the input CLKI to the 
input REF, if the output of the output INC of the phase comparison circuit 8 is "1", If the output 
of the output DEC of the phase comparison circuit 8 is "1", local clock generating circuit 4-m 
will realize desired operation mentioned above by decreasing delay of the variable delay 
circuits 6 and 7. 

[0073]The frequency dividers 14 and 15 of the phase comparison circuit 8 make the maximum 
of detectable phase contrast increase. That is, the greatest phase contrast that can detect the 
clock signal inputted from the input CLK and the input REF by carrying out 2 dividing of the 
clock signal inputted from the clock signal inputted from the input CLK and the input REF will 
increase from Tc/2 to Tc, if the cycle time is set to Tc. 

[0074]lf dividing is furthermore carried out, for example, n dividing carries out, the detectable 
maximum phase contrast will be set to -(Tc/2) n. That is, since the detectable maximum phase 
contrast will increase if the number of dividing is made to increase, there is no restriction in the 
phase contrast of two clock signals inputted into local clock generating circuit 4-m from global- 
clock-distribution-circuits 5-m. This means that there is no restriction in the maximum of the 
input edge 2a of the global clock distribution circuits 2, and the time delay from 2b to the 
outgoing ends 2c and 2d. 

[0075]Therefore, since clock buffer pair 3-m can be inserted in global-clock-distribution-circuits 
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5-m at a suitable interval, the influences of coupling, a noise, etc. are reducible. It becomes 
easy for the flexibility of the shape of the global clock distribution circuits 2 to also improve, for 
example, to also make it change into desired shape according to the layout situation of the 
other circuits on LSI, etc. 

[0076]lnstead of carrying out dividing of the clock signal inputted by the frequency dividers 14 
and 15 from the input CLK and the input REF, The pulse selection circuitry which chooses the 
pulse of the clock signal inputted from the input CLK and the input REF is connected to the 
input CLK and the input REF, and even if it makes it pass only a pulse corresponding in the 
input CLK and the input REF, the detectable maximum phase contrast can be made to 
increase similarly. 

[0077]Drawing_1 1 is a figure showing other examples of composition of local clock distribution 
circuit 5-m of drawing 1 . In a figure, local clock distribution circuit 5-m comprises the delay 
synchronizing loop circuit 18 and the clock tree 13, The loop is formed by connecting the 
output of the delay synchronizing loop circuit 18 to the input of the clock tree 13, and 
connecting the output of the clock tree 1 3 to the input of the delay synchronizing loop circuit 
18. 

[0078]lt is the same as that of the composition of the delay synchronizing loop circuit 12 shown 
in drawing 8 except having connected 18 d of frequency dividers to the output of the delay 
synchronizing loop circuit 12 shown in drawing 8 in the delay synchronizing loop circuit 18 in 
other examples of composition of this local clock distribution circuit 5-m. 
[0079]18 d of frequency dividers carry out dividing of the global clock signals which were 
inputted into the input CLK and delayed in the variable delay circuit 18a, and output them to 
the clock tree 13 as a local clock signal. With global clock signals, it is in phase and the clock 
signal of frequency lower than the frequency of the global clock signals distributed by 18 d of 
this frequency divider in the global clock distribution circuits 2 can be distributed. 
[00801 Drawing 12 is a figure showing another example of composition, of local clock distribution 
circuit 5-m of drawing^. In a figure, local clock distribution circuit 5-m comprises the phase 
synchronous loop circuit 19 and the clock tree 13, The loop is formed by connecting the output 
of the phase synchronous loop circuit 19 to the input of the clock tree 13, and connecting the 
output of the clock tree 13 to the input of the phase synchronous loop circuit 19. 
[0081]ln other examples of composition of this local clock distribution circuit 5-m, the phase 
synchronous loop circuit 19 is used in the phase synchronous loop circuit 19 instead of the 
delay synchronizing loop circuit 12 shown in drawing 8. The phase synchronous loop circuit 19 
comprises the variable oscillation circuit 19a, the phase comparison circuit 19b, the loop filter 
19c, and 19 d of frequency dividers. 

[0082]The oscillating frequency is determined and the output is distributed by the output of the 
phase comparison circuit 19b where the variable oscillation circuit 19a was filtered with the 
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loop filter 19c in a circuit block through the clock tree 13. 19 d of frequency dividers carry out 
dividing of the clock signal of the end of the clock tree 13, and input it into the phase 
comparison circuit 19b. 

[0083]The phase comparison circuit 19b compares a phase with the clock signal by which was 
fed back from the clock signal and the clock tree 13 which are inputted from the input CLK, and 
dividing was carried out in 19 d of frequency dividers, The comparison result is outputted to the 
variable oscillation circuit 19a through the loop filter 19c, and the oscillating frequency is 
controlled. A phase and frequency with the clock signal by which was fed back by this from the 
clock signal and the clock tree 13 which are inputted from the input CLK, and dividing was 
carried out in 19 d of frequency dividers are coincided. 

[0084]By carrying out dividing of the feedback signal from the clock tree 13 in 19 d of 
frequency dividers, as in phase a local clock signal with high frequency as the global clock 
signals inputted from the input CLK can be distributed in a circuit block. Therefore, since global 
clock signals can make frequency low, the electric power consumed by distribution of global 
clock signals becomes reducible. 

[Q0851 Drawing 13 is a figure showing the example of composition of the global clock 
generation circuit 1 of d rawing 1 . In a figure, the global clock generation circuit 1 The phase 
synchronous loop circuit 20, It comprises the selector 25 and the AND (logical product) gate 
26, and the phase synchronous loop circuit 20 comprises the variable oscillation circuit 21, the 
phase comparison circuit 22, the loop filter 23, and the frequency divider 24. 
[0086]The reference clock signal from the LSI outside inputted into the input CLK by the phase 
synchronous loop circuit 20 in this global clock generation circuit 1 is multiplied, and that 
multiplied clock signal is outputted to the global clock distribution circuits 2 from the output 
OUT through AND gate 26. 

[0087]By the input ENA, it is preventing outputting the output to OUT, and prevents 
malfunction of each local clock generating circuit 4-m or local clock distribution circuit 5-m until 
the phase synchronous loop circuit 20 locks AND gate 26. The selector 25 has fed back the 
output of the variable oscillation circuit 21 to the frequency divider 24 in the initial state. 
[0088]lf the phase synchronous loop circuit 20 locks and the output to the global clock 
distribution circuits 2 is started, By feeding back the output of nearby local clock generating 
circuit 4-m inputted into the input REF to the frequency divider 24, the selector 25 makes 
possible phase doubling of an external clock signal and the clock signal distributed to the 
inside of LSI. 

[0089]By this invention, the global clock distribution circuits 2 distribute global clock signals to 
each circuit block as mentioned above, Each circuit block generates a local clock signal by 
local clock generating circuit 4-m, and distributes a local clock signal in a circuit block by local 
clock distribution circuit 5-m. This means that it can carry out independently, without depending 
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for the design layout of local clock generation / distribution circuit on other circuit blocks by 

each circuit block, and it becomes possible to reduce design layout cost. 

[0090]Clock control, such as frequency control and a clock stop, can be easily performed in 

each circuit block unit. Since phase doubling is performed dynamically in a phase synchronous 

loop circuit or a delay synchronizing loop circuit, the clock signal of frequency which is different 

by each circuit block can be chosen, and power supply voltage may differ for the way block of 

every. 

f0091lDrawing 14 is a figure showing the example of composition of LSI which applied this 
invention. In the figure, LSI40 comprises the circuit blocks 41-48, and, as for the circuit block 
41 , in the clock frequency, f1 and power supply voltage have become V1 , As for the circuit 
block 42, f2 and the power supply voltage of the clock frequency are V2, as for the circuit block 
43, in the clock frequency, f3 and power supply voltage have become V3, and, as for the circuit 
block 44, in the clock frequency, f4 and power supply voltage have become V4. 
[0092]f5 and the power supply voltage of the clock frequency are [ the circuit block 45 ] V5, As 
for the circuit block 46, f6 and the power supply voltage of the clock frequency are V6, as for 
the circuit block 47, in the clock frequency, f7 and power supply voltage have become V7, and, 
as for the circuit block 48, in the clock frequency, f8 and power supply voltage have become 
V8. 

[0093]Local clock generation / distribution circuits 51-58 are established in each circuit blocks 
41-48, and a suitable clock frequency and power supply voltage are chosen by local clock 
generation / distribution circuits 51-58 by each circuit blocks 41-48. 

[0094]Generally, the power consumption P of an LSI circuit is expressed with P=1/2, and f-C- 
V-V, when f and power supply voltage are set to V and it sets additional capacities to C for a 
clock frequency. That is, choosing the suitable clock frequency and power supply voltage for 
the circuit blocks 41-48 has an effect which reduces power consumption. 
[0095]Since local clock generation / distribution circuits 51-58 can be independently designed 
by each circuit blocks 41-48, as shown in djawngJ4, Exchange with the circuit block 43 and 
the circuit block 49 and redesign of the circuit blocks 41-48 can be performed without 
performing redesign of local clock generation / distribution circuit of other circuit blocks, or 
global clock generation and a distribution circuit. 

[0096]This makes easy modularization and library-izing of the circuit blocks 41-48, raises the 
reusability of the circuit blocks 41-48, and becomes reducible [ the design cost of the system 
LSI which accumulates various functions on one chip especially ]. 

[0097]Thus, install the global clock distribution circuits 2 in an opposite direction and a duplex 
mutually, and global clock signals are distributed, By [ which constitute LSI ] generating and 
distributing a local clock signal independently two or more circuit blocks 41-48 of every, the 
influence by device dispersion, a temperature change, line voltage variation, etc. can be 
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compensated, and a clock signal can be distributed to the whole LSI by a low skew. 
[0098]Two or more clock buffer 30-m and 31 -m are inserted in the global clock distribution 
circuits 2, it becomes difficult to be influenced by shortening enough wiring between each clock 
buffer 30-m and 31 -m by coupling between wiring, or a noise, and distribution of a high-speed 
clock signal is attained. 

[0099]Since the number and position of local clock generating circuit 4-m linked to the global 
clock distribution circuits 2 are arbitrary, flexibility in a design layout can be made high and the 
design layout cost of the clock distributing circuit 2 can be decreased. 
[0100]Since it cannot be dependent on other circuit blocks and the design layout of the local 
clock generation / distribution circuits 51-58 can be independently carried out further again by 
each circuit blocks 41-48 which constitute LSI, While modularization and library-izing of the 
circuit blocks 41-48 become easy and reusability improves, the design cost of a system LSI is 
reducible. Clock control, such as a frequency revision and a clock stop, can be easily 
performed by 41-48 units of circuit blocks. 

[0101]ln this case, since the clock frequency and power supply voltage which are different by 
each circuit blocks 41-48 which constitute LSI can be chosen easily, power consumption is 
reducible by choosing a suitable clock frequency and power supply voltage every circuit block 
41-48. 
[0102] 

[Effect of the lnvention]The global clock generating means which generates global clock 
signals based on the reference clock signal inputted from the outside according to this 
invention as explained above, The global clock distributing means arranged in the shape of 
double loops in large scale integration circuit so that the global clock signals generated by the 
global clock generating means may be distributed in large scale integration circuit and it may 
become an opposite direction mutually, with the local clock creating means which generates a 
local clock signal on the basis of the intermediate phase of two phases of each global clock 
signals distributed by the global clock distributing means. By having a local clock dispensing 
means which distributes the local clock signal generated by the local clock creating means to 
the neighborhood field of a self-means, it is effective in the ability to distribute on LSI the high- 
speed clock which is a low skew. 

[Translation done.] 



http://www4.ipdLinpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 3/25/2009 



JP,1 1-085310,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a block diagram showing the composition of the clock signal distribution circuit 
by one example of this invention. 

[Drawing 2] lt is a figure showing operation of the global clock distribution circuits of drawing 1 . 
[Drawing 3] It is a timing chart which shows operation of the global clock distribution circuits of 
drawing 1. 

[Drawing 4] lt is a block diagram showing the example of composition of the local clock 
generating circuit of drawing 1 . 

[Drawing_5]lt is a block diagram showing other examples of composition of the local clock 
generating circuit of drawing 1 . 

[Drawing 6] lt is a figure showing the example of composition of the variable delay circuit of 
drawing 4. 

[Drawing 7] lt is a figure showing the example of composition of the fixed delay circuit of 
drawing 5 . 

[Drawing 8]lt is a figure showing the example of composition of the local clock distribution 
circuit of dj;awjncj_1 . 

[ Drawing 9] lt is a figure showing the example of composition of the phase comparison circuit of 
drawing 4 . 

[Drawing 10] lt is a timing chart which shows operation of the phase comparison circuit of 
drawing 4 . 

[Drawing 1 li lt is a figure showing other examples of composition of the local clock distribution 
circuit of dj^wjngj^. 

[Drawing 12] lt is a figure showing another example of composition of the local clock distribution 
circuit of dr awing 1 . 

[Drawing_1_3]lt is a figure showing the example of composition of the global clock generation 
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circuit of drawing 1 . 

[Drawing 14] It is a figure showing the example of composition of LSI which applied this 
invention. 

[Draw ing 15]lt is a block diagram showing the example of composition of the clock distributing 
circuit of a conventional example. 

[Drawing 16] It is a block diagram showing other examples of composition for the clock 
distributing circuit of a conventional example. 
[Description of Notations] 

1 The global clock generation said way 

2 Global clock distribution circuits 
2a and 2b Input edge 

2c and 2d Outgoing end 
3-1-3- (1+1) Clock buffer pair 

4. (j+1), 4. (j+2), and 4-j, 4- (k+1), 4 - (1+1) Local clock generating circuit 
5- (i+1), 5- (i+2), and 5-j, 5- (k+1), 5 - (1+1) Local clock distribution circuit 
6, 7, 12a, and 18a Variable delay circuit 

8, 12b, 18b, 19b, and 22 Phase comparison circuit 

9, 12c, and 18c Control circuit 
10 and 11 Fixed delay circuit 

a [ 1 0 ]-c [ 1 0 ], 68 - 90 NAND gate 
12, 18 delay synchronizing loop circuits 
13 Clock tree 

13a-13m, 30-1 - 30- (1+1), 31-1-31 - (1+1) Clock buffer 

14, 15, 18d, 19d, and 24 Frequency divider 

14a, 15a, 16, 1 7 D flip-flops 

19a and 21 Variable oscillation circuit 

19c and 23 Loop filter 

20 Phase synchronous loop circuit 

25 Selector 

26 AND gate 

40 LSI 

41 - 49 circuit block 

51-58 Local clock generation / distribution circuit 
61-67 Inverter 



[Translation done.] 
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DRAWINGS 

[Drawing 2] 
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[Drawing 1] 
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[Drawing 4] 
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[0 0 3 3] El 4 fiEI 1 ©P-#^7P7 7fe#[H]8g4 
-m(Dffil&&]Z^i-7 , n 7 7 0T*fc3o p-#/V7 p y 
7£/&[I]Sg4-ml±2o©pJta.&[E]S§6 ) 7 t . tefl 40 

[0 0 3 4] D-TJ/W^D 7 7±$[H]S§4-ml:±±IE© 
7P77if^Cl, C2ICJ:oT. 7 p 7 1 , 

C 2©if$©TO©B|£'J&S3ll.:p-;!;A-7 o v?\%Tr 

[0 0 3 5] 2oO^If gM!E]SS6, 7llA^CLKe 
!CA73$n5^o yy{t^Kt}t l^oSV^itJlJIC 

TJiA/jCLK 1 lcA/3$*T.5^o 5 '^ft#i:OlH©fl[ 
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* ©fc hiLk.*)W£*>tifnZ TO t ltztif<D?4 i v9+ 
\-VXhh a A7Jffi2a ( 2blCioV>TTOT*a±l3 
S£Lfc7 a 7 7ft##. ^n-/</U* D y 7#E|5|i& 
2IC<fcoTZWo2fi#lc#E£;lx, 7 p 7^Mf^C 
1, C2irLT7ny7 K5>f '<»3— (1 + 1) £91 
*tSl$*!l&**Ta 1, Tblfc+Si, 



+ T i +T ( i + 1) 
• +T (n-1) +Tn 

l , c 2<r)ffi&$fnv>WH<r>$(MTm 1 fi. 



+ T i +T ( i + 1) 

• +T (n-1) +Tn] /2 

{f 7 s o -/^7 p 7 2 1 J: o T 7 
D^fttCl, C2tLTi(#i-5l§jE!jS:Ta i , T 
b i 

• +T i 

• • +T ( i + 1) 

c2<Dmmnwf%<nnm™ i 



• • • +T (n-1) +Tn) /2 

*ie>^aSlH]K6, 7i:&mt£[3^8i:itiiJ , $le]Sg9 

[0 0 3 6 ] it?iJgigc$nfc2o©»J^g®[HlS§6, 7 
oMfto^TKXSlBllS 6 ©HiflSrtttfjc L K o ir1"5. 
ATJCLKe (C|i7*P -/</uj$r o 7 7 #BB@BS 2 If J: o 
T#E£ft5 20©7 0 7 7fi#Cl, C2<Doh<D& 

4aoit^■cv^5**^ atjclk i iriitefawstiT^ 

•5#*£*A;fr£ft6. 

[ 0 0 3 7] i»i|tSN«Sitfc2o©pr«iS3i@»6, 

7f±A7}CLKe£A#£ftfc7P 77{l^£SS£-± 
7JC L K l lcA7j£ftfc7 o 7 7 ft ©ffiStttfcfcfT 

[0038] mhibib 9 mmitmm 8 ©ttt^mic 

S-^V^T, &ftJt«laIK8l;A*$*l5 2o©7ny7 
1%fc 5 K2o©^£ailBtt 6, 7 
OSSUfclEJEI**. fifttfe^[elSS8©2o©A^©fi 
0 fc *ofc«R-Ctt 2 l<0*l%m®& 6,7* 
FIC»3f*Sr»ofcft. tii^CLKolCI±A^CLKe 

RXfX7) C L K 1 ICA71 Sftfc 7 ft*©a»i§a 

o-/</V7 p -y 7£E08 2 t ctoT^E$n5 2o© 
7P77ff-^Cl, C 2 ©£*©&$© ^©fttS&ft 
o 7 p 7 7 if W ttil} C L K o \Z Sit) $ iX^o 
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[0 0 3 9] #Rff, ATlCLKeHA^ftS^Py 
tii%<DiZ.fa$;<t> 1 . AtlC L K 1 ClA^ftS? o 5/ 
* {t#©&ft& * 2 = ♦ 1 + A * , "F^ggBB 6 . 7 
©1®1£X£ LfcB#. «M§tb«lHlB8l::Afl$ft5 2 
o©? P y 9 US %<D{m£ft 0 (C&S t , 
</) 1 + 2 • X=(j> 2 
= <t> 1 + A * 

[0 0 4 0] C<DB# X X=A */2"e*>!K Hi^CLK 
olCliA^CLKe&tM^CLK 1 KA7l$ftS?P 10 
^(IfCl, C 2© c Pfif]©{3:fl («l+A*/2) £ 

t o ft So cnii^D-y^ft^c 

y^»ElaIK2tS*i-5fi:H-J:P)-f. 4t©o-* 

[0 0 4 1 ] S5(±E11©d-*^^ n s/;7±f£[elB4 

BB10, 1 lfcEHLfc&ftttH4fc*1Hj*W4:W 
LTifoSo 

[0 0 4 2] p-#/W;7 p -y?4$[E]B4--m©{iil©$ 
J*ff|T?ttH 4 P-iWD^ £$0 Sg 4 -mlC 
fel^T, A^CLK l l£A;tt£ftS? d y^ff^2o 
tWCSM*LfcBS»S0Kl 0, 1 l£iILTlifStb 
K0SS8lcA^i-5o 2o©@£®®0Bl 0, llfi 
«JtSJIIIlB 6 , 7 ©ft/hg&i;# 0 T'&^Bf le, @£ 
ISBBlO, 1 1©SS»£*J£SM[h]B6, 7 ©ft 30 

So 

[0 0 4 3] 9itHs ?a-s</\,{> P y*£ElnlB2© 

AM2a, 2bA»e>ai*iB2c, 2 d $ "coajis m 

/V^7? #E0 B 2 ©ft £©fctt icg^fg 1 5 fc 
B-#/^Dy*£jfc®B4-maSA#1-5 2 
o©? p y^ff-^C 1, C 2 ©fcflg A 4 (i 0 ^ A <J> ^ 
T©^ffl£t 9 5S©T\ IMIi^-f n-jjfl,? p 
&S@B4-m-eii±1BOttW*»6, ^aS@B6, 40 
7©«S§*X&0£XST/2©ttHi:1-5&S#*> 

So 

[0 0 4 4] P-#/l/*D i/^4^@SS4-m©ffi(DfS 
^JICfc^T, *j£*8ls]B6 f 7©a@tX^X0^ 
XgT/2T*fcSI$, @£g&[e]Bl 0, 1 l©SSfl 
&X0 btZZkX\ p-#/V?p -y ? £$le]B4 -m 
fc^n p y*#E0»2©ttS©tt*fcSN!M- 

[004 5] 0*Jxli\ AflCLKeli:A#3ft5?ny 
*(!#©&«&* 1 . A^CLK 1 |:A*Jil5^os/ 50 
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*ft*©&t§£*2 = * 1 + A *. *I$)I®IeIB6, 7 
©SM»£X£ tt«ttte@K8lcA^$ft5 2 

-OOtoy? fi#©fiy§M# 0 Kft * t s 
♦ 1 + 2 • X=<f> 2 + 2 • X0 
= 0 l+A* + 2 • X0 

[0 04 6] C©B$, X=4di/2+X0t'$)!) > litfj 
C L K o ICIIA^C L K e Rt/A^lC L K 1 ICA^ £ft 
y^if^-C 1, C2©fW©fi[ft* l+A*/2 
<t "3 X0 felt Sift l + A<j>/2+X0&t>o^ 

p J/^ff*2i s !ii^$ftSo 1"4t>*>» ^'p-/</V^D-y 
*ftE0»2ieS&$ftfc£-C©n-#/i'*ny*£|fc 
@B4-m-C@j£giiX0«rtfi«-f5;:£fc£o-C\ ^ 
o -/</v^ p j/^ftEBB 2 K^tStetle i » 

©#3\ ^1.10^6, 7©®3§lX£X0gX:£T 
/2©i£H£-fSC£#-etftff =fcv\, 
[0047] 11 6 nm 4 © BjSaffilUB 6 ©tS $#J&^ 

6 1-6 7 £ N AND (S£tta») ^-h 6 8-9 0 

[ 0 0 4 8] TST£gMBB6l;:*3^T, A^INd»t)A 
^Six5fS#fiNANDy-h6 8-9 OICioT®® 
$ixTttJ^OUT^e>tiJ^$ft-5o A2jDl~D7fctt 
^*^®R6©»Jfl*MIM-5fc*©ft*»*AA£ 

ft So 

[0 04 9] A^Dl~D7(CA^$ftSff^T^ 
"1" ©Sf, £©^Mj£0R6tt*/hjBE*l«Jti- 
S„ NAND7- h6 8-9 O^lliid £1"Si:> 
A^INd»6A*$ftfc^f4NANDy-h7 6, 8 
3*a®UTffl^OUTlCtli^$ft, *©SSl42dT' 

fe So 

[0 0 5 0] A^DlicA^)$ftSff*?r "0" , At) 
D 2 — D 7 IdA^JcFftSfif "1" ttSt, A^J I 
Na>&Afl$ftfclf*ttNANDy-h 6 8, 7 7, 8 
4, 8 3*ffli§LTtti^OUTlcai^$ftS„ ^©Bf© 
aS(±4 dT'feSo 

[0 0 5 1] tT. A^D l-D 7|CA^I$ftS 

jf#*^T "0" ICtSt. A*IN*»bai*OUT4 
T-©®S^ttl 6 d i7iS„ -f4J3*>, A^D 1 ~D 
7lrA^$ftSiS*©{flwJ:oT2 di»5)l 6 d$f© 
2 d i|M£©gjf fcftttl-* C t So UftWH 9 1± 
A^D 1 ~D 7 ICA* $ftSff #SrMWt5 C 4 f- ± o 
T> Bl^SJi[HlB6©ll»©$iJil^9. *fc, MIP 
IhIB 9 fiJtfE t HHKe LT^IK»if BB 7 ©aift©$0 

®*?T9o 

[00 5 2] i! 7 »BI 5 ©US gj®H)B 1 0 ©«/*«$• 
^tUT'fcSo HtCfcV^-C, S^iSSBBl OliNAN 
Dy- H 0 a~l 0 cA»e>«^$ftTV^5. (K, @^ 
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[0 0 5 3] H£3S@ttl OiUMW-SNAND?- 
HOa-lOcIC, ±$Uc*miSlHlS§6©NAN 
D7*- h 6 8~9 0 il^-CDNANDy- K£ffl^5C 
tT\ '5Itil.S!H]SS6<Dt/MS2d*fttt'f5 [ , 

[0 0 5 4] IlllCfcl^T, u-j]iVtuyt£&m& 
5 - ml±Jtie<Dn-#/V? 0 y y £j&[3?g4 -mt'« 
Sft. ffi7]CLKolCtB7J$dx50-#/V^0y^f^ 

[0 0 5 5] H8l4E110D-^^^uyy^E[HlSS5 

o yy#E@^5-mliSSIs]|8^-7lH]S§ 1 2i^o 
3 aSfRlffl/v-^SSS 1 

2©iii7j£y n-yyyy-l 3©A7Ji;i, ^oj/y-yy 
-1 3 0tU^)^lE^^-7°@ifSl 2©A7Jldf^-f 
•SCilCtoT, A— 7"£JMLTl^„ 

[0 0 5 6] aSI^«/V-7'[e]!f| 1 2 (i^ftSlElSg 1 
2ah ftfilttW 12bh %mmn 
m&ZtlXte 9 , y 0 y y 7 y - 1 3 \*W&w 
s<y7 7 1 3 a~l 3m*»bfll^$HTV^o 

[0 0 5 7] fe^tt&SSS 1 2 b»4A^)CLK/!i^A^ 
$ fi$ o -* ^ o 5/ y £j$mB 4 - m© tiiTJ y 0 y 9 
3©*iS©?ny 

WH8S1 2 c tt&fttttfclHlB 1 2 b©ffl7j3:Slc N A* 
C LK?S>"bA7] $4X2)7 0 yyjf^iy o 
3 ©*ffi © 7 0 j/ 7 ft * t 0 5 «t 5 

tl$S0B 1 2 a ©g.ll&lEgtSo 
[0 0 5 8] yoy? 7 y-1 3fi[e]Sg7*0 y7f*)©>fi 
0 «/^(t**^Et*itf iv^wc, L S 
liH^uyr; y -T*y #E£ff 5 1$ i ttH 

[0 0 5 9] &0-;*/l'*ny?#ElHl8§5-m£tM 

1 2*«»i-6Ci:t>T#5. 

[0 0 6 0] n-;fr/V!?oj/?£jfc@B4-in©^n- 

p y y #E0S§ 5 - m^©«as(fl[*tttt«-e*) 
-So II 1 KfcV ^Tliy n y y /< y 7 7 ft 3 - m© XttM 
Icftfc LX v * 4 . y 0 y y /< y 7 y M 3 - m© ffl/jfll 
T'tiV^L, 7 o y y y 7 7 ft 3 - m©MB#+£/h 
£< s d yyEHl 0 0Jt©fitt(Cj;5l 

MHtf>*IST-# 5i§£le«:7 0 y y /< y 7 r ft 3 -mftl 

©EJ*-cfcJ:v\i 

[00 6 1] *fc. v—bivt o yy#E0Sg5-m© 
fttffijfe*>5. Lfc^oT 1 *l©0-^/v^ 0 y^4 

)ft|HlKRU { D-*/W^ 0 y y^ElHlSg^n-^/Uy p j, 
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[0 0 6 2] $ fblC v yoyyft^Cl, C2©ftfflM 
fc&tHU mmz?vyv-±fci:fT0(DX\ BB^ojp 

[0 0 6 3] y*o-X/Wy-n.yy^E®&2£#to£1-5 
y n yy/<y77ft3-m©Wf7? h flHfififfiSt?* 

1 0 0©E,m^E^*^P)-<!: U £T©7 0 y 
^/<y77ft3-m||](0»ffiS:P]-t-f 54btf, 7 0 
y y" y 7 7 ft 3 - m^© r '<4 * b o t 
til, RtWI««EK»»*'t>*l«t5ri:*T?#6. 
[0 0 6 4] 1-fcfr*>, EUlCfcl^T, ^s^y 
77ft3-m^©S?£&Tp=Tl=T2= • • • =T 
nitSt i#g©^0yy/<y77ft3- i £&R 
S*,fcn-#**Py*&jfc@K4- i #A7J+2>2o 
©7 0 y yft-^-C l , C2©{£ffif± > ^p-Wpy 
7 &EISIR 2 ©A7J* 2 a , 2bA»?>(i-l) -Tp 
20 SI/ (n-i+1) • Tpfc'ttilft-O**. 

[0 0 6 5] v^jSlcfe^y 0yy^y77ftl-rVM 

* a ibo# *a*« », R^ms-iiEtS)^©^^^* 

9 , if IBfcBlftl" 4 7 0 y y ^ y 7 7 ft*T-©S.5£^ 
M^Tp + A t J:fe©y0yy1f^- 
CI, C2©A7J*2a, 2 b«»6©fitffig^tt (i - 
1 ) - Tp+itW (n-i + 1) • T p tltit, 
(i-1) • TpRXf (n-i + 1) • T p + A t t * 
5. oS9, 9*y9MrC\, C 2©&ffi©4 I F^©{i 
IS^toy 0 yyft^(iA73iffi2 a, 2bH (n • T 

30 p + At) /2©ffitgiiix^'i>*>> ;m±p-*^?p 

[0 0 6 6] LWot, rVM^Ci6o#^g^ 

7ft©4#14te1W£U.Tt>, ^ti^lilLT, #0- 
^/vy 0 y^4^|DK4-mfil^affi©0-7J/i'^ 0 y 

^liy 0 yy/<y77ft3-mRgr*^<c5At$©^ 0 
y * /< y 7 7 *J14 6 SUSJE^ftffl^ril* 
L, fflmiC&o-}]/Uy-ayt±i$.®&4-m\*mtiLft 
40 ©0-7J/W^0yyff^^^1-2)C<b^nj|gi^5 o 

[0 0 6 7] £X±.<DUWX'Wbfr<D£o\^ *WMZ£ 

y 0yy^E@K5-mlimt©y0yy^y77ft3 
-m#^A£*tT}otK ^0y^/^y77ft3-m^© 
E»AS+»S^O-C. Ei»M*y7 , y >m>fXo» 

5o cniciot, LS I £frK:fi**»--CA»oilEa 
4y 0 y yfi fl-Sr^Ei"*^ fci^IBi: 45. 

50 [ 0 0 6 8 ] El 9 \m 4 ©{Syitfct&lHlK 8 ©ffl^'J^^ 
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■tmx-hh. Hfcfc^T, tt«tb»lsiB8tt2o©^H 

EIB14, 15t, 200071)7^707^16, 1 

y^«*tt»JS@ISl 4£iILT7y yfyuytl 6 
©DA73t7!J yfyay-fl 7 ©7 p 7 7 A#lc£* 

5&1LT7!J j-7*7a j,7*l 7©DA#i7!J 
j/7"7a y7*l 6©7 a 7 7 A7}l-£* A73 $Jt5 0 # 
S0SS14, 1 5fiD7y 77°7U 77*1 4 a, 15a 
OffSa*S:A*t7-f-K'<y^i _ 5ii:'C, ATlif 10 

[0 0 6 91 HlOttH4©ttfttttt0B8OlM^«:* 

#1 LT&ftJfcRlfilK 8 ©ttflsfcoV*TlWi1" 5. A7J 

oT2#JI]£tl5 0 A*CLK*>6A*S*V5 

[0 0 7 0] ftJllHSSl 40lii*+4t)^A*CLKa» 
e>A*S*i5^oy^|t*t2dHUfcflr**rCLK 
2, ^@!S1 5©!li^i-/i^*>A7]REF^?)A^$ 20 
tl£ 7 p 7 7 ft^-£ 2 $M Lfcft E F 2 ii~2> 

CLK2fiD7U 77 , 7D77"1 6 K«fc oTRE F 
2©4Jb9©*'f * y7*T*7 7^£*t, titf73 I NC*»?> 

[0 0 7 1] ifc, RE F 2HD7 1) 77°7 o 7 7*1 7 
I C J: o T C L K 2 © 4 ± «3 © 7 4 x > 7* T? 7 7 ^ $ il. 

tti^DECri'ibHi^Sftao -rftfr*>, A/jcLK:j»e» 

A^SnS^oy^it^iUtA^REFi^A^Six 
57 o y ^ \t^<D{tmmhjX^^X\i, dtfl I NCi* 

"0" . ffi^DEC^* "1" ir/iSo A73REF 30 

a»&AA3iV57 o yt\t%£ 9 tA^CLK*»5>A* 
$ftS7 d 7y-ffi^©te*Bji*iiA/-CVvMi. tti^J I NC 
# "1" , DECz)> "0" 

[0 0 7 2] H4l'*Lfcn-*^7 0 77 140814 
-mlCfc^T, A73CLKe^^A7]$tt/6 1 o2o©^ 
'£SSIhI2§6, 7*iSiaUfc^oy^fl**ffi4iJtttlHl 
S§8©A7jCLKlCggEU A7JCLK 1 £A7lREF 
icg^t 5 t til-, MfPlaltt 9 ^{iffitk^lelB 8 ©iti 
7J I NC<Dt±S73*5 "1" T'fotltf^@SlHlB6, 7© 

"1" -cfcJili-MJiSJie, 7©il38S:*'>S*5 
CtlCfcoT, P-#/t7B7 7£/£l2]Sg4-infi±i£ 

[0 0 7 3]fitBit^Hl!88©^lllBl4, 
ai^t64(£ft^©ft*ffiS:«*0$*5. tftfr^ ATI 
C L K i >"b A t> £ it 5> 7 o 7 7 ft # » A 77 R E F A » b 
A^$tl'5^B7^{f^2^t5CtlCj:oT > A 
7J C L K h AT] R E F t frb A7J 3it5 7 o 7 7 ft ^© 

5fc. Tc/2A»f»TclcUiJPl-5. 50 
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[0 0 7 4] ^I^SL, <?'j/Uf nftJStS^ 
«rt&fc**ttftHtt (Tc/2) • ntftS. t^ft 

tZ>tc#>. t*b-/</P7 o 7^^Elsl8S5-m*»P)0- 
#/U7 p 7^4fiK@B4-mlCA^i"?) 2 0©^ p 77 

^»ElH]«l2©A*4B2 a, 2 bd-bttJ7J^2 c, 2 d 

[0 0 7 5] Lt*!ot, ^a-^oy^SBB 

£ M + 5 C 1 # T? # 5 . • t fc . 7* b - y < ^ □ 7 ^ 5) 
EHlB2©}f^©g*S'bl6)-bL > W^.tfLS I ±©ffi 
@B© W 7 7 HttRSSt ^b*TB(fa©^l-t^ £ 

(0 0 7 6] ^H0K1 4, 1 SICioTA^CLKt 
A*REFfc!5»e>A^$it5^B7^fi^«r^Hi-5ft 
A^)CLKtA73REFtii>ibA*$it57B 
7 7 ft ^-©/</VX^iItRi-5^Vv^3ItR|HlS§^A^C L 
KRt/A*REFta«U, A^CLKiA73REF t 

[0 0 7 7] 01 1 liHl ©p-*/V7 p 7 7#SEIh]B 
5 -m©ftfi,©^0iJ^/Tl"0T*fc2)„ DiCfeV^T^ p- 
*/W^P77^S2lE]S§5-m}iiaiW|flS^-7'[H]SSl 8 
t 7 p 7^7^-1 3 SM^^-7° 
8©tB^l5:^B 7^7U-1 3©A2!l^ 7P7 
7 7U-1 3©ffl*SriiSia]ffl/V'-7 , lHlKl 8©A73tw 

[0 0 7 8] d©B-7J/V'7P 77^SBIfilK5-m©fli! 
©tS^lT*liaS^^-7@SS 1 8Kfc^-C, EI8IC 
S+jKBUBA'- 7*088 1 2©ai7]lc#Ji)[H]S&i 8 
Sft UfcEJl^liH 8 i:*tl®^fflA-7°0B l 2 ©« 

[0 0 7 9] ^HEIKl 8 dfiA^CLKICATJ^t^ 
OPl^aSEISll 8 aT-lS$itfc7*P-^<^7P77 
[f^$r5>iSL, B-a/Wy-syT-ftS-i LT^B77 7 
U-13tffl*i-5. C©^Jllfi]S§l 8 dllioXy'p 
-/</u y a 7 7^ffi@S§2 ■e^E*ii5^o-/<A'^ p 
7 7 if ^©JiiSitJ: 9 tfiv^HRSfe©^ p 7 7 ft 

[0 0 8 0] Ell 2 Hill ©p-#/U7 p 77^E08S 
5-m©J8'J©#J*WS:*1"BI'C*)5. HI-fcV^T, o- 
*/W7B77^E@!S5-mfi&ftP]ffl/l'-7'lHl!gl 9 
t7P777y-l 3t/i»e^$it, filS^l/l'-T* 
08S1 9©tB73?:7P 7^7U-1 3©A73l-< 9 b 7 
7 7U-1 3©ttJ^Srfi[ffilp]»l/>'-7'|H]Kl 9©A7llc 

[008 1] C©B-*/U7B77^E@8S5-m©ffi 
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70S§1 9*ttfflLTV^5. &le^»|/V-^(Hl8S 1 9tt 
^tUSHSS 19ai, &*§Jfcifc08S 1 9 b t . /U-7* 
74/V* 19ci, #J10?§1 9 d t*»e>*^$*lTV» 

[0 0 8 2] °r£%S(§IB 1 9 a li^-77 -f /W* 1 9 

2>o ^H0SSl 9 ditfoyy^])-! 2<D^<D^o 
[0 0 8 3] ft*@ttl£0S8 1 9 b IIA/JC L KfrbAt) 

/< ? $ tii'-o^H fuss 1 9 d -eftis ziiittvyt \t 

9c&iiLT^l£*S0»l 9 alCtttfjU 
iSS$rSiJii-t-5o C^LtCioT^ A7JCLK^<bA7j£ 
ft*. * n ^{f t ? p y f 7 y - 1 3 7 4 - K>< 
;y*$tlA>o#jg0S§l 9 dlCioT^^ixfc^ay 20 
? 1 1 * t © & o* & it £ - a $ * X V % 5 o 
[0 0 8 4] #ffl@Bl 9d-C?ny*yy-l 3*»fe 

ft ^fiJi t5:im5 ©T\ ^p 

[0 0 8 5] 12 1 3 fiSl 1 ©7* o—/<jV-y P y 4j5it0 30 

±j*0B 1 ttttttlBJIlA'-TTaB 2 0 t , -fe u 
**2 5£. AND (fftaSO ^- h 2 6 
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